Abstract: The migration of bisphenol A (BPA) from epoxy-phenolic can coating into canned meat products, produced for the needs of the Serbian Armed Forces, was investigated in this work. The tinplate cans were made according to the special military demands, filled with the beef goulash or the meatballs in tomato sauce, and preserved by sterilization. The structure of internal can coating was analyzed by FTIR spectroscopy. The migration of BPA into content of the cans was investigated after storage under regular conditions in typical military facilities. The samples of beef goulash (BG) produced in 2010-2016, and the meatballs in tomato sauce (MB) produced in 2014-2017 were tested for the presence of BPA. Thereafter, the impact of storage temperature and degree of can damage on BPA migration was examined. Both meat products were thermostated on 20 and 40 °C, and BPA level was measured after 3, 6, 9 and 12 months of storage. The level of BPA was determined in the content of undamaged cans, and cans with lower and higher degree of damage. The BPA was extracted from food with acetonitrile and the extracts were purified by QuEChERS procedure. The level of BPA was determined by LC-MS.
INTRODUCTION
Epoxy resins, whose elementary building block is bisphenol A (BPA), are commonly used to protect the interior of food and beverage cans against corrosion. The synthesis of BPA-type epoxy resins involves the condensation of BPA with 2-(chloromethyl)oxirane to yield soluble linear polymers of different molecular weight. Thermosetting products, used as the internal coating for food and 378 STOJANOVIĆ et al. beverage cans, are obtained by curing soluble epoxy polymer with phenolic type reactants. 1 Due to the possibility of multiple recycling, metal cans are increasingly being mentioned in the context of an environmentally acceptable way of food packaging. The cans can be recycled an infinite number of times, which helps to preserve the environment.
Food is usually contaminated with BPA through contact with food packaging materials that contain epoxy resins. BPA may remain unreacted when polymerization conditions or curing process is inadequate, and then the residual monomer can migrate from coating into foodstuffs. [2] [3] [4] Migration is particularly active during storage and processing at elevated temperatures and thereafter consumers may routinely ingest trace amounts of BPA. BPA is an endocrine disruptor which interferes with the production, secretion, function and elimination of natural hormones, in a way that could be hazardous for health. For example, BPA is an oestrogenic xenobiotic that may affect the reproductive system of animals and is found to cause proliferation of breast cancer cells in vitro. 5 These considerations indicate the need of a continuous and accurate inspection of all possible sources of BPA, including food packaging.
The recent studies showed that canned food usually contains higher concentrations of BPA than foods sold in glass, paper or plastic containers. 6, 7 According to the papers published to date, it seems that the smallest number refers to BPA in canned meat products, while more often are tested canned fish, seafood, vegetables and fruits. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] In addition, there has been recently reported a marked increase in urinary BPA levels in humans who consumed canned foodstuff. 18 Food packaged in tinplate cans coated with epoxy resins is generally considered to be the predominant "source" of exposure to BPA. 19, 20 Because of that, France officially passed a law suspending the production, trade and marketing of food cans containing BPA in December, 2012. Such cans are banned at January 1, 2013, for food products intended for infants and on January 1, 2015, for all other products. 21 In January, 2015, the European Food Safety Authority (EFSA) reduced the level of tolerable daily intake (TDI) for the BPA from 50 to 4 μg (kg bw) -1 day -1 and set it as a temporary value (t-TDI), expecting the outcome of further scientific studies. 22 Thereafter, the specific migration limit (SML), which is the amount of BPA that can migrate from the plastic food contact material into the food, based on a specific risk assessment carried out by EFSA, is lowered from 600 to 50 μg kg -1 in February, 2018, on the basis of the new t-TDI value. 23 These reduced t-TDI and SML values require very careful, constant monitoring of BPA levels in canned food products.
The present study is undertaken to investigate the migration of BPA from epoxy-phenolic can coating into canned meat products, during different storage time period and temperature, and with intentionally caused damages on the tested cans. The structure of uncured and cured resin, used as the can coating, was ana-________________________________________________________________________________________________________________________ Available on line at www.shd.org.rs/JSCS/ (CC) 2019 SCS. lyzed by FTIR spectroscopy. The cans were made of electrolytic tinplate (E5,6/ /5,6), produced according to the special requirements of the Serbian Armed Forces, and filled with two meat products, beef goulash (BG) and meatballs in tomato sauce (MB). The impact of the storage period, under the common, regular storing conditions, to BPA migration into tested food, was analyzed first. The samples of the BG as well as the MB, manufactured since 2010 onwards, were tested for the presence of BPA. After that, further experiment was set up to examine the impact of temperature, tin can damage and storage time to BPA migration. The meat products made in 2016 were thermostated at 20 and 40 °C, and the samples were taken for BPA analysis after 3, 6, 9 and 12 months. The migration of BPA was determined in the canned food from undamaged cans, as well as from the cans with lower and higher degree of intentionally caused damage, at each storage temperature. After the can was opened, the food was homogenized and extracted with acetonitrile. The extract was purified by quick, easy, cheap, effective, rugged, safe (QuEChERS)-based procedure, and the concentrations of BPA were determined by LC-MS. Empty cans. Tin cans used in this work were made of electrolytically coated tin plate and produced by a can producer from Serbia. The internal and external surfaces of tin plate were coated with protective epoxy-phenolic resin.
Liquid epoxy resin. The liquid, uncured sample of epoxy resin was obtained from the can producer and its structure was analyzed by IR spectroscopy.
Canned meat products. The samples of canned meat products (BG and MB) were manufactured for the needs of the Serbian Armed Forces, according to the Regulation on the quality of meat products, 24 in industrial facilities of various manufacturers. The weight of the products inside the cans was 400 g in both cases. The products were preserved by sterilization (BG 70 min at 120 °C, and MB 105 min at 118 °C), and stored in typical military facilities that provide prescribed microclimate requirements. The content of BPA was determined in both meat products, produced between 2010 and 2017.
Methods and measurements
Controlled damage of cans. Controlled damages were performed on the filled sterilized cans, using a Rockwell hardness device. The pressure force was constant, with the optimal depth of imprint, causing the cracking of the coating, without the perforation of the sheet. Two series with different degrees of mechanical damage were prepared: a series with a lower degree of damage (LDD), where cans were damaged with 6 stings (3 at the bottom and 3 on the lid), and a series with a higher degree of damage (HDD), where cans were damaged with 12 stings (6 on the body of the can, 3 on the bottom and 3 on the lid). The damage was induced using diamond impeller with a coupe shape and the angle of 120°. Storage under different conditions. The tested cans of particular product were with the same batch number, where BG was produced on 5th January, 2016, and MB on 10th February, 2016. The samples were stored at 20 and 40 °C (12 cans of BG + 12 cans of MB on each temperature). Undamaged (UND) and damaged canned food samples (LDD and HDD) were analyzed for the presence of BPA after 3, 6, 9 and 12 months of storage. After the expiration of a certain period of storage, the can has been opened and the contact between food and coating was stopped. In this marking, "0 day" was considered as the day of setting an experiment, i.e., the day of putting the cans in thermostats at predestined temperature (December 15, 2016). The content of BPA was also determined in both food products at "0 day".
Extraction of BPA from canned meat products. After the can was opened, the sample was subsequently homogenized by an electric chopper, and the portion of 10 g was taken for analysis. ACN (10 cm 3 ) and QuEChers Mylar Pouches (4 g MgSO 4 + 1 g NaCl), were added to the sample. The mixture was homogenized by Vortex (5 min at 3000 rpm). Supernatant (1.5 cm 3 ) was transferred to the centrifuge tube with the clean-up phase, which contained 150 mg anhydrous MgSO 4 , 50 mg PSA, and 50 mg end-capped C18, and homogenized 5 min at 3000 rpm. Supernatant (1 cm 3 ) was transferred to the tube, and the solvent was evaporated in the nitrogen stream. The residue was dissolved in 1 cm 3 mixture ACN/water (1:1) and 20 μL of this solution was injected into LC-MS. All glassware used for these experiments was rinsed with methanol and dried at 100 °C before use.
FTIR spectroscopy. FTIR spectra of the cured resin sample were acquired using a spectrometer IRAffinity-1 (SHIMADZU, Japan). Spectra were collected in the spectral range 4000-500 cm -1 , with the resolution of 4 cm
. Prior to analysis, the solid sample, scraped from the inner surface of the can, was mixed with KBr and compressed into pellets. The liquid, uncured resin sample (~10 μL) was analyzed after placing on the surface of blank KBr pellet.
LC-MS. The HPLC was a Dionex ultimate 3000 (Thermo Fischer Scientific). The separations were performed with the Accucore-C18 column (2.6 μm diameter particles). The HPLC system was coupled to a mass spectrometer with an electrospray ion (ESI) source. The analytes were identified by their chromatographic characteristics and specific fragmentation patterns. In ESI-negative mode, the mobile phase was the gradient mixture of 0.1 % ammonia in water and methanol. The oven temperature was 60 °C and the solvent flow-rate was 0.5 mL min -1 . Calibration curve, limits of detection and quantification. Quantification was performed based on matrix-matched calibration curve, made by spiking BPA with homemade un-canned beef goulash sample, produced by recipe from the manufacturer. The content of BPA in the homemade BG was determined to be below LOD. Five-point curve of 5, 10, 20, 50 and 100 ppb (µg L -1 ) BPA was created and presented in the Fig. S-1 of the Supplementary material to this paper. BPA was extracted as described above. Final solution (20 μL) was injected to LC--MS in triplicate. Correlation coefficient r 2 was 0.9927. The concentrations giving peak heights three and ten times the standard deviation of the baseline signal was defined as limit of detection (LOD) and limit of quantification (LOQ), respectively. LOD was determined to be 2 ppb, while LOQ was 5 ppb.
RESULTS AND DISCUSSION
The aim of this work was to investigate the migration of BPA from packaging material to canned meat products, which are in regular use in the diet of the Serbian Armed Forces. According to our knowledge, it was the first time to The production of cans in Serbia is in accordance with the standard, 25 which defines the application of tin and lacquer on steel plate. The application of tin, as well as polymer coating (lacquer), in cans used for the civilian market in Serbia, is usually about 2.8 g m -2 . For the needs of the Serbian Armed Forces, the tin cans of this quality have been produced in a small number of cases, only if the products packed in such cans can be used within a calendar year. It has been noticed that cans for civilian needs usually begin to show corrosion after a year, which affects the change in the quality of the canned food. Since the Serbian Armed Forces possess high standards regarding the sustainability of canned food, which implies that their shelf life must be at least four years, the additional requirements have been placed on the can suppliers in terms of the quality of tinplate and resulted cans. The application of tin for this type of can must be twice as high as for civilian cans, with the quantity of tin of 5.6 g m -2 . In addition, the inner surfaces of the cans are coated by epoxy-phenolic, aluminized lacquer, with a minimum surface weight of 6 g m -2 , while the outer surface is coated with transparent lacquer with a minimum surface weight of 5 g m -2 . Canned products are strategically important for the Serbian Armed Forces, as a war reserved stock, and therefore their quality is given a high value, starting from the quality of the empty cans to the final food product. On the other hand, it is very interesting to monitor the migration of toxic substances such as BPA into the packaged meat content from these cans produced according to the specific standards, where in certain storage conditions a more intense emission of BPA can be expected, precisely because of the twice larger application of epoxy coating.
Structure of liquid and cured epoxy resin
Liquid, uncured resin sample, which is used to prepare the coating on tinplate, was analyzed by FTIR spectroscopy in order to determine the structure of polymer in detail. It was known from the can producer that the liquid sample is usually a mixture of two components -a linear epoxy polymer and a phenolic component. The crosslinking of these components is taking place during the heating process at temperature about 200 °C. The FTIR spectrum was recorded immediately after opening the bottle with liquid resin, and again after the solvent evaporation ("dried resin") in the air (Fig. 1-A and 1-B, respectively) . The spectrum of cured epoxy-phenolic resin, scraped from the inner surface of the can, is shown in the Fig. 1-C .
It can be seen that all IR spectra do not show any other significant difference, except C=O band in dissolved liquid resin ( Fig.1-A) at 1736 cm -1 , which disappeared after the solvent was evaporated. It was obvious that the carbonyl band originated from the solvent. 1 The broad band at about 3380 cm IR spectra, is assigned to O-H stretching of hydroxyl groups originated from both epoxy and phenolic components. The bands at 1250 and 1040 cm -1 correspond to the asymmetric and the symmetric C-O-C vibrations. The 1,4-substitution of aromatic ring of epoxy component can be seen at 830 cm -1 . Bending bands of CH groups of oxirane ring (947 and 881 cm -1 ) were also identified in all spectra, confirming the presence of epoxy groups in both liquid and cured polymer. The very low C-O deformation band of the terminal epoxy ring can be seen in the IR spectra of liquid resin at 915 cm -1 , only when the image enlarges in that area. This suggests higher molecular weight of linear epoxy polymer. Symmetric C-H stretch of the epoxy ring is seen at 3056 cm -1 . The bands at 1610 and 1510 cm -1 are characteristic for the aromatic ring from both epoxy and phenolic component. Since the bands of oxirane ring at 3056, 947 and 881 cm -1 do not disappear from the spectrum of crosslinked resin, it is clear that the curing is accomplished via the reaction of the secondary hydroxyl groups of the epoxy resin with the methylol groups of the resole (Fig. 2) . 26 The band at 1120 cm -1 can be assigned to the vibrations of secondary hydroxyl groups, and it can be seen in Fig. 1-B , when the image enlarges in that area. This band disappears during the curing process, and only the very tiny shoulder is noticeable in Fig. 1-C at 1120 cm -1 . The curing leads to the formation of ether bonds, which have already existed in linear epoxy polymer. The epoxy groups do not impart in that type of cure, and for that reason the higher molecular weight linear epoxy polymer is used in can coating formulations. The simplified curing process and the structure of cured epoxy-phenolic resin is shown in Fig. 2 .
Repeatability and recoveries
Repeatability of the applied method for determining BPA was tested out by measuring three replicates of one particular sample of the BG, as well as of the ________________________________________________________________________________________________________________________ Available on line at www.shd.org.rs/JSCS/ (CC) 2019 SCS. MB. Further, the samples of BG and the MB were spiked with a standard BPA solution to achieve the concentration 20 μg kg -1 higher than the previously determined one for a particular sample. The analyte was extracted and quantified, and recoveries were calculated. The results of repeatability, as well as the recovery of BPA, with standard deviations (SD) and relative standard deviations (RSD), are given in Table S -I of the Supplementary material. The relative standard deviation was 7.5 % for the BG and 8. % for the MB. The proposed method was accurate and sensitive, characterized by very good recovery values. Recovery of BPA was slightly higher for the BG (82.1 %), than for the MB (78.7 %), although both values were entirely acceptable. 
Influence of a storage period on BPA content under regular conditions
The content of BPA was determined in cans of BG and MB, produced between 2010 and 2017, and stored in the manner described in Experimental. This is the first time that BPA was determined in any type of food produced in Serbia, although a very small number of papers dealing with BPA in meat products are published in the world at large. Results closest to this area are from the campaign "Toxic Cash Receipts", conducted in Serbia, where results from 33 samples have demonstrated that the thermal papers for fiscal receipts imported to Serbia are contaminated with BPA, as well as the cardboard packaging made of recycled paper, while tested plastic containers for food did not contain BPA. 27 The cans were checked before opening and it was found that there was no any kind of damage on them. The results, presented in ). Much higher oscillations were observed in samples of BG in comparison with the samples of MB, with the lowest BPA value of 3.2 μg kg -1 , which is below the limit of quantification (LOQ = 5 ppb). The highest BPA value of 64.8 μg kg -1 was found in the sample of BG from 2014, and this value is above the new migration limit of BPA from the plastics containing food to food, which has been strengthened 12-fold by new regulative, from 600 to 50 μg kg latest Commission Regulation, "food contact plastics" and "food contact varnished or coated materials and articles" which were lawfully placed on the market before September 6, 2018, may remain on the market until stocks are exhausted. Regardless of this Regulation, the product with the highest BPA value expired in April, 2018, so certainly it is not further in the diet of solders of the Serbian Armed Forces. The sample of BG from 2015 contained the level of BPA of 44.0 μg kg -1 , which is near the permitted limit of 50 μg kg -1 , while all other samples contained less than 31.2 μg kg -1 , and this is why they are completely safe for consumption, in terms of BPA content. The correlation between the level of BPA and the time of storage cannot be found for obtained results. Given that all samples are stored under the same conditions, it is clear that the migration of BPA to canned meat products depends firstly on the quality of polymer coating, i.e., the amount of residual BPA monomer and degree of crosslinking of epoxy-phenolic resin. BPA may remain unreacted when polymerization conditions or the curing process is insufficient. Since the cans are manufactured in the same factory, with the same quality requirements, the variation in the properties of the coating of different batches are probably the outcome of very fine differences in the quality of the starting material or the curing process. As result, cans with coating of different "potential" to release BPA into foods are produced.
Other authors reported very diverse results in terms of the content of BPA in canned food, sometimes of the same level of magnitude as in our work, but sometimes much higher values in comparison with our results, far above the new SML of 50 μg kg -1 . For example, the BPA concentrations ranged from 10 to 29 μg kg -1 found in canned foods, among which canned meat products were tested. In contrast, the BPA in foods and beverages from Turkish markets was up to 1858 μg kg -1 .
14 In general, the BPA average levels in the present study are on lower part on scale in comparison with those reported in previous studies for canned food samples. As a result, we can say that BPA is not a risk factor for soldier health in Serbia at the present time, although, in view of the latest European regulation, constant monitoring of the content of BPA in the canned foodstuffs will be necessary.
Migration of BPA under different storage conditions -influence of can damage, temperature and storage time
In order to examine the BPA migration into food in more detail, the cans filled with BG and MB were stored between 3 and 12 months, at two different temperatures, which imitated the regular room storage conditions (20 °C) and drastic storage conditions (40 °C), such as warm summer seasons in some places in Serbia. For each storage period, at given temperature, the food from the undamaged can (UND), the can with lower degree of damage (LDD) and the can with higher degree of damage (HDD) was analyzed. The results are presented in Fig. 3 . The content of BPA at "0 day" amounted 18.0 µg kg -1 for BG and 21.3 µg kg -1 for MB. These quantities of BPA migrated to food from the coating of the cans before the experiment was set, i.e., during can sterilization and previous storing under regular conditions in typical military facilities. Before setting the experiment, the cans of BG were stored 11 months and 10 days, while the cans of MB were stored 10 months and 5 days, under the regular storing conditions. The migration level of BPA in the BG was determined to be between 17.0 µg kg -1 (6 months at 20 °C, UND can) and 32.9 µg kg -1 (6 months at 40 °C, LDD can). When the samples of BG were stored at 20 °C, very small variations in the BPA level were observed, with the maximum value of 21.0 µg kg -1 (12 months, HDD can). During the storage of BG at 40 °C, a slight increase in BPA level was noticed in the period between 3 and 6 months; then a plateau was observed between 6 and 9 months, with almost no change in the BPA level; and finally, a slight decrease in the BPA level was seen between 9 and 12 months (Fig. 3) . The migration level of BPA in the MB was between 21.0 µg kg -1 (3 month at 20 °C, HDD can) and 38.0 µg kg -1 (6 months at 40 °C, HDD can). From Fig. 3 it seems that the level of BPA increases slowly, but constantly at 20 °C in the samples of MB. Migration of BPA was generally lower at 20 °C in comparison with 40 °C, in both food products. During the storage MB at 40 °C, an increase in BPA level was seen between 3 and 6 months; then a moderate decrease was observed between 6 and 9 months; and finally, a plateau was reached between 9 and 12 months.
The BPA level was appreciably higher in MB than in the BG at all times of storage at 20 °C. It can be assumed that the migration of BPA to MB is more pronounced because this food is more acidic in comparison with BG. The more aci- dic environment in the MB acts more aggressively on the epoxy-phenolic inner coating, which leads to faster migration of BPA monomers into food. It can also be noted that an increase in pH values during 12 months storage leads to a slight decline in the BPA level, which is in line with the previous assumption. These results are presented in the Fig. S-2 and Table S-II of the Supplementary material. Moreover, Sadeghi et al. have suggested that food acidity affects the extraction of BPA, in way that the increase of pH value leads to the decrease of extraction recovery. 16 As it is seen from Table S-II, the variations in the content of proteins, fat and sodium chloride were very small during the storage at both temperatures, without the pronounced correlation with storage time or temperature. The degree of damage of the cans was of little significance regarding to the migration of BPA. From the presented results it can be concluded that the migration of BPA from can coating to food will be increased during the storage in warm places, bearing in mind that the level of BPA will be higher in more acidic food. Some authors reported that most of the BPA migrated during the sterilization process, while the storage time is of little significance at temperatures between 25 and 35 °C. the migration of the BPA and the increased storage temperature of 40 °C. Migration of BPA to the tested food resulted in the levels below the new European legislation limit of 50 μg kg -1 . Both meat products can be considered completely safe for nutrition in terms of BPA content, so there is no reason for consumers to change their consumption pattern.
CONCLUSIONS
This was the first time to examine the content of BPA in canned food produced in Serbia. This issue has been widely discussed in many other countries, but to our best knowledge there is a lack of data in Serbia, where tinplate cans are manufactured and widely used in the food industry. The samples of the BG and the MB, produced for needs of the Serbian Armed Forces, were tested to the presence of BPA. The cans were made by the special requirements, with the application of tin and epoxy-phenolic coatings which were twice as high as for the civilian market. The level of BPA was ranged from 3.2 to 64.8 μg kg -1 , after regular storage in typical military facilities. No correlation between storage time and BPA level was found, indicating that migration of BPA mostly depends on the quality of the coating on the inner surface of the can. The experiments of storing at different temperatures and with different degrees of can damage showed that the migration of BPA was generally lower at 20 °C in comparison with 40 °C, for both food products. The BPA level was higher in the MB than in the BG at both temperatures, for almost all storage periods. It is obvious that the migration of BPA from the inner epoxy-phenolic coating to food will be more pronounced during the storage in warm places, and when the food is more acidic. The degree of can damage was of little significance regarding to the migration of BPA. The results from our work show an unambiguous connection between the migration of BPA and the increased storage temperature of 40 °C. The found levels of BPA are below the new SML limit of 50 μg kg -1 . Both canned meat products can be considered completely safe for the nutrition of solders of the Serbian Armed Forces in terms of the BPA content. However, there is a continuous need of an accurate monitoring of canned food as the possible source of BPA.
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